Background There is a need for a comprehensive and critical review of the literature to inform scientific debates about the public health effects of waterpipe smoking. The objective of this study was therefore to systematically review the medical literature for the effects of waterpipe tobacco smoking on health outcomes.
smoke then passes through a column of water before being inhaled through the mouth using a pipe. 2 These two unique features of this form of smoking are assumed to minimize its tobacco-related health hazards. Also, waterpipe tobacco smoke is produced at a much lower temperature than cigarette smoke, suggesting that the toxins may be different for these different forms of tobacco smoking. 3 Another unique feature is the social nature of waterpipe smoking, whereby family members and friends may share the same device, which has been hypothesized to cause the transmission of communicable diseases.
Waterpipe tobacco smoking has been spreading globally at a remarkable pace. 4 Although its use in the eastern Mediterranean region has been, until recently, confined to adults, it is now gaining popularity among university students 5, 6 and teenagers. [7] [8] [9] Waterpipe smoking is also spreading to Western countries such as Australia, 10 the UK, 11 Canada 12 and the USA, 13 where it is also affecting young people and adolescents. 14, 15 Waterpipe tobacco smoking is generally considered as a public health threat and the American Lung Association has recently called it the 'emerging deadly trend'. 2 In fact, waterpipe smoking has been suspected to be a risk factor for a number of tobacco-related diseases such as lung cancer, 16 oesophageal cancers, 17 cardiovascular disease 18 and adverse pregnancy outcomes. 19 In addition, the waterpipe device may expose its user (via its non-tobacco components) to metals and cancer-causing chemicals. 20, 21 The potential association of waterpipe smoking with communicable diseases such as hepatitis C 22 and tuberculosis 23 (via its shared and repetitive use without proper sanitation) has also been investigated.
While one article reviewed the effects of waterpipe smoking on health outcomes, 24 we have identified no published systematic review or meta-analysis of the topic. The objective of this study was therefore to systematically review the medical literature for the effects of waterpipe tobacco smoking on health outcomes.
Methods

Eligibility criteria
We included observational studies (i.e. cohort studies, case-control studies and cross-sectional studies) assessing the association between waterpipe tobacco smoking and health outcomes. We excluded case reports, case series, outbreak investigations and abstracts. We also excluded studies assessing physiological outcomes [e.g. Forced Expiratory Volume in 1 Second (FEV1)], assessing waterpipe use for non-tobacco smoking purposes (e.g. marijuana smoking), not distinguishing waterpipe smoking from other forms of smoking, and not reporting any measure of association.
Search strategy
In June 2008, we electronically searched the following databases: MEDLINE (1950 onwards; access via OVID), EMBASE (1980 onwards; access via OVID) and ISI the Web of Science using a detailed search strategy with no language restrictions (Appendix 1). We designed the strategy based on a preliminary review of relevant articles, an extensive Internet search for waterpipe synonyms and the search strategy of a systematic review on interventions for waterpipe smoking cessation. 25 Two medical librarians reviewed and commented on the search strategy. We also reviewed the reference lists of included and relevant papers and used the 'Related Articles' feature in PubMed.
Selection process
Two reviewers independently screened the title and abstract of identified citations for potential eligibility using a standardized screening guide. We retrieved the full texts of citations judged potentially eligible by at least one reviewer. Then, two reviewers independently screened the full texts for eligibility using a standardized and pilot-tested form. They resolved their disagreements by discussion or by consulting a third reviewer. 
Data abstraction
Two reviewers used a standardized and pilot-tested form to independently abstract data. They resolved their disagreements by discussion or by consulting a third reviewer. The abstracted data related to study design, population, exposure, outcomes, methodological features, results and funding. For exposure measurement, we assessed whether the instrument was standardized to measure the unique smoking patterns and characteristics of waterpipe smoking. We recorded the results of analyses restricted to waterpipe only smokers (i.e. people who smoked only waterpipe) as well as the results of analyses that included all waterpipe smokers (i.e. people who smoked waterpipe and other forms of tobacco). We recorded the effect measures derived from the regression models that adjusted for the maximum number of covariates. We rated the overall quality of evidence for each outcome using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach (Appendix 2). 26 
Data analysis
We calculated the kappa statistic to evaluate the agreement between the two reviewers assessing full texts for eligibility. We conducted meta-analyses for the outcomes for which at least two studies reported effect estimates of their association with waterpipe tobacco smoking. When the authors reported odds ratios (ORs) for more than one analysis we selected the OR according to the following order: (i) analysis adjusted for other forms of tobacco smoking (choosing the one adjusting for the maximum number of confounders); (ii) analysis restricted to waterpipe only smokers; (iii) analysis not adjusted for other forms of tobacco smoking and not restricted to waterpipe only smokers. We used the ORs to calculate the corresponding ln(ORs) and standard errors. We then pooled, for each outcome, the ln(ORs) of eligible studies using the generic inverse variance and the random effects model in Review Manager Version 5.0.20. We measured homogeneity across study results using the I 2 statistic. 27 We checked for possible publication bias using inverted funnel plots. Figure 2 shows the study flow. We included 23 reports on: lung cancer (n ¼ 6), 16, [28] [29] [30] [31] [32] bladder cancer 1658 citations identified 1570 citations screened for retrieval 25 papers excluded:
Results
• report of already reported data (4)
• case reports or case series (4)
• review of the literature (1)
• inappropriate study design (3) • no distinction from other forms of smoking (4) • no outcome of interest reported (5) • no measure of association reported (2) • abstract (1) • about long stem pipes, not waterpipes (1) 44 potentially eligible papers retrieved 23 reports included in systematic review 88 duplicate citations 10 studies (11 analyses) included in metaanalyses 2 papers published after search date and identified 2 papers identified through checking of citations list (n ¼ 1), 33 oesophageal cancers (n ¼ 1), 17 nasopharyngeal cancer (n ¼ 1), 34 dysplasia of the oral mucosa (n ¼ 1), 35 pregnancy outcomes (n ¼ 3), 19, 36, 37 periodontal disease (n ¼ 5), [38] [39] [40] [41] [42] hepatitis C infection (n ¼ 3), 22, 43, 44 respiratory illness (n ¼ 1) 45 and infertility (n ¼ 1). 46 Agreement between reviewers for study eligibility was excellent (kappa ¼ 0.963).
Lung cancer
Five of the six included studies were case-control studies assessing lung cancer diagnosis, 16, [28] [29] [30] [31] and one was a retrospective cohort study assessing lung cancer mortality (Table 1) . 32 One was conducted in Northern India, 28 one was conducted in Tunisia, 31 whereas rule four reported data from the same population in China. While in the recent global epidemic the tobacco is processed and flavoured and indirectly heated by the charcoal, in most of the included studies (conducted in China and India) the tobacco is typically unprocessed and burned directly by charcoal. The pooled OR for the association of waterpipe tobacco smoking with lung cancer diagnosis was 2.12 [95% confidence interval (CI) 1.32-3.42; (Figure 3) . We judged the overall quality of evidence to be very low (Appendix 3). The calculated crude relative risk (RR) for the association with lung cancer mortality was 4.39 (3.82-5.04). We judged the overall quality of evidence to be very low (Appendix 3). A sensitivity analysis restricted to studies with no major methodological limitations, included the study by Hsairi et al. 31 for which the OR was 3.0 (95% CI 1.2-7.6).
Bladder cancer
The one included case-control study 33 reported a potentially protective association between waterpipe tobacco smoking and bladder cancer diagnosis of 0.8 (95% CI 0.2-4.0) ( Table 1) . A stratified analysis by the amount of cigarette smoking suggested a potential interaction between waterpipe and cigarette smoking but the CI overlapped and no interaction test was reported. An interaction test we ran was statistically not significant (P ¼ 0.55). We judged the overall quality of evidence to be very low (Appendix 3).
Oesophageal cancer
The one study assessing oesophageal cancer diagnosis was a case-control study (Table 1) . 17 The reported OR for the association of waterpipe tobacco smoking with oesophageal cancer diagnosis was 1.85 (95% CI 0.95-3.58). We judged the overall quality of evidence to be low (Appendix 3).
Nasopharyngeal cancer
The one included study was a case-control study ( Table 1) . The OR for the association of waterpipe tobacco smoking with nasopharyngeal cancer was 0.49 (95% CI 0.20-1.23). We judged the overall quality of evidence to be very low (Appendix 3).
Oral dysplasia
The one included study was a cross-sectional study that recruited exclusively subjects who practiced 'takhzeen al-qat', i.e. a practice that is distinct from waterpipe smoking and consists of chewing a green-leaved plant for its stimulant effect (Table 1) . 35 The OR for the association of waterpipe tobacco smoking with dysplasia of the oral mucosa on chewing side was 8.33 (95% CI 0.78-9.47). There were no events observed in either group on non-chewing side. We judged the overall quality of evidence to be very low (Appendix 3).
Pregnancy outcomes
Of the three included studies, two were retrospective cohort studies 19, 36 and one was a case-control study (Table 2) . 37 All three studies assessed low birth-weight. One study also reported on Apgar score, pulmonary problems, malformations and perinatal complications. 19 The pooled OR for the association of waterpipe tobacco smoking with low birth-weight was 2.12 (95% CI 1.08-4.18; I 2 ¼ 0%) (Figure 4 ). The reported OR for the association of waterpipe tobacco smoking with newborn pulmonary problems was 3.65 (95% CI 1.52, 8.75). The associations were not significant for Apgar scores at 1 and 5 min, malformations or perinatal complications. We judged the overall quality of evidence for pregnancy outcomes to be low (Appendix 3).
Periodontal disease
Of the five included studies, [38] [39] [40] [41] [42] four were conducted in the same (or in a subgroup of the same) group of participants (Table 3) . [39] [40] [41] [42] These four studies were cross-sectional and evaluated the same outcome (i.e. periodontal disease) using different outcome measurement (periodontal bone height loss, plaque index and gingivitis, deepening of the sulci or pockets, vertical periodontal bone loss). We did not pool the four related studies evaluating periodontal disease as their data were derived from the same participants. Their results were consistent in showing a statistically significant association of waterpipe tobacco smoking with periodontal disease (OR ¼ 3-5). We judged the overall quality of evidence to be low (Appendix 3).
The fifth included study was a cohort study with 7 days follow-up after surgical removal of mandibular third molars and evaluated the outcome of dry socket. 38 Dry socket, or alveolar osteitis, is the most common complication following tooth extractions. It is caused by the dislodgement of the blood clot at the site of the tooth extraction, exposing underlying bone and nerves and causing increasing pain. The reported RR for the association of waterpipe tobacco smoking THE EFFECTS OF WATERPIPE TOBACCO SMOKING ON HEALTH with dry socket was 3.7 (P ¼ 0.001). We judged the overall quality of evidence to be low (Appendix 3).
Infectious disease
We identified three studies on hepatitis C. The three cross-sectional studies were conducted in Egypt and restricted to male participants exposed to group waterpipe tobacco smoking (Table 4) . 22, 43, 44 The pooled OR for the association of group waterpipe tobacco with hepatitis C was 0.98 (95% CI 0.80-1.21; I 2 ¼ 0%) ( Figure 5 ). We judged the overall quality of evidence to be very low (Appendix 3). We did not identify any eligible study assessing the association between waterpipe smoking and the transmission of tuberculosis. We did identify two reports of outbreak investigations suggesting an association between tuberculosis and sharing tobacco waterpipe 23 and marijuana waterpipe. 47 
Respiratory illness
One cross-sectional study evaluated the association between waterpipe smoking and respiratory illness (defined as perennial rhinitis and including nasal congestion and wheezing) ( Table 5) . 45 The study reported significant association of waterpipe tobacco smoking (OR ¼ 2.3; 95% CI 1.1-5.1) and of waterpipe and/or cigarette smoking (OR ¼ 2.5; 95% CI 1.6-3.8) with respiratory illness. We judged the overall quality of evidence to be very low (Appendix 3).
Infertility
One case-control study evaluated the association between waterpipe smoking and male factor infertility (based on semen analysis) ( Table 5) . 46 The reported OR for the association of waterpipe tobacco smoking with male factor infertility was not statistically significant (OR ¼ 2.5; 95% CI 1.0-6.3). We judged the overall quality of evidence to be very low (Appendix 3).
Discussion
We systematically reviewed the medical literature for the effects of waterpipe tobacco smoking on health outcomes. Based on the available evidence, waterpipe tobacco smoking was significantly associated with lung cancer, respiratory illness, low birth-weight and periodontal disease. It was not significantly associated with bladder cancer, nasopharyngeal cancer, oesophageal cancer, oral dysplasia or infertility but the CIs did not exclude important associations. Smoking waterpipe in groups was not significantly associated with hepatitis C infection. The overall quality of evidence varied from very low to low. To our knowledge, this is the first meta-analysis of studies assessing the association of waterpipe smoking with health outcomes. While Knishkowy et al. 24 reviewed the health effects of waterpipe tobacco smoking, they did not use systematic methods, formally evaluate the quality of the evidence or use statistical methods to pool the results across studies. The main strength of our study is the use of the Cochrane Collaboration methodology for conducting systematic reviews, i.e. using a very sensitive and comprehensive search strategy, a duplicate and independent selection process, a duplicate and independent data abstraction process, and a rigorous appraisal of the methodological quality of included studies. We also used the GRADE approach to rate the overall quality of evidence for each outcome.
For most of the outcomes of interest the evidence was either lacking, indirect or of lower quality. In terms of indirectness, lung cancer studies were conducted mostly in China and India where tobacco is typically unprocessed and burned directly by charcoal. The practice of waterpipe smoking that is involved in the recent global epidemic involves tobacco that is processed and flavoured and indirectly heated by the charcoal. In terms of quality, the one methodological study limitation that affected our rating of the quality of evidence for most outcomes was measurement bias, which has been reported in similar systematic reviews. 48 In fact, only one study used a standardized exposure measurement tool in spite of the fact that the practice of waterpipe smoking can vary widely. Variables include the quantity of tobacco used, the type of tobacco used, the concomitant use of other substances, the frequency of smoking sessions, and the length of sessions, the number of years of smoking. In addition, no study reported using a standardized measurement tool for other forms of tobacco smoking in spite of the variety of these forms and the need to account for passive smoking and past smoking history.
The other methodological study limitation that affected our rating of the quality of evidence for many outcomes was the inappropriate handling of confounding, particularly for other forms of tobacco smoking and for factors such as radon exposure among miners as a risk factor for lung cancer. Furthermore, although many studies reported separate ORs for waterpipe and cigarette smoking, none reported tests for interactions between these two forms of smoking. This type of information is needed given that a significant proportion of waterpipe smokers also smoke cigarettes. 11, 49 In spite of the many methodological study limitations for lung cancer and pregnancy outcomes, the findings showed consistency (i.e. the low heterogeneity) across studies. Similarly, the lack of association between smoking waterpipe in groups and hepatitis C infection was characterized by the consistency across studies and a relatively narrow CI. These findings are consistent with current pathophysiological knowledge of the spread of hepatitis C by blood-to-blood contact. While the lack of evidence for an association between waterpipe smoking with bladder cancer, nasopharyngeal cancer, oral dysplasia and infertility could reflect a true absence of association, it could also be explained by lack of power to detect any existing association given their relatively wide CIs. Indeed, the lack of studies and of insufficient data on such long-term health effects is related to the short epidemiological time frame of the recent waterpipe epidemic.
The one study that reported on coronary heart disease was excluded because of its publication exclusively as an abstract. 18 The quality of the evidence from that study was very low and the OR was 2.2 (95% CI 0.9-5.4) for ever smokers and 0.7 (95% CI 0.3-1.9) for current smokers compared with never smokers. This study indicates the need for more research, as the World Health Organization (WHO) has already advised. 50 The overall quality of evidence for the different outcomes was mostly low, limiting our confidence in the results. There is a need for high-quality cohort studies to identify and quantify with confidence all the health effects of waterpipe smoking and to explore its interaction with other forms of smoking. The high quality of future studies will depend on the use of standardized exposure measurement tools, 49 another area of research need. The study also has important implications for public health practice. Public health policy makers have to deal with suggestive but generally weak evidence of the association of waterpipe tobacco smoking with deleterious health outcomes. One approach could be to prioritize public health resources to deal with other public health crises (such as youth cigarette smoking) for which the evidence is much stronger, while awaiting further evidence regarding waterpipe smoking. Another approach could be to devote the necessary resources to control at a relatively early stage the rapid growth of the waterpipe trend. Whatever the decision policy makers make, it should be based on an objective consideration of the current available evidence in the proper public health context.
